INTRODUCTION {#sec1-1}
============

Angiomyolipoma (AML) of the kidney is a benign neoplasm consisting of thick walled aneurysmal vessels, smooth muscles, and varying levels of mature adipose tissue. It has an incidence of about 0.3--3%.\[[@ref1]\] Two types are described: Isolated AML and AML that is associated with tuberous sclerosis. Isolated AML occur sporadically, account for 80% of AML.\[[@ref2]\] Nearly, 20--30% AML is seen in patient with tuberous sclerosis.\[[@ref3]\] About 50% of patient with tuberous sclerosis complex develops AML. Dysmorphic blood vessels in the AML often form aneurysms, which may rupture and result in renal hemorrhage.\[[@ref4]\] AML is the most common renal neoplasm associated with spontaneous renal hemorrhage.

Till date, a line of treatment of AML is based on tumor size, presence or absence of rupture, associated factors, and clinical features at the time of presentation. A study was done using a parameter of tumor size on computed tomography (CT) study and aneurysm size on conventional angiography to predict rupture of the tumor.\[[@ref5]\] Simultaneous embolization of AML can be carried out during conventional angiography if needed; however, this advantage is overshadowed by the risk involved in any invasive procedure.\[[@ref6]\]

Hence, this study was undertaken to predict rupture of AML based on tumor size and aneurysm size measured using noninvasive technique - 64 slice CT scan and CT angiography; which is well-tolerated by patients and required less contrast medium compared to digital subtraction angiography.

MATERIALS AND METHODS {#sec1-2}
=====================

Total 27 patients were diagnosed as having renal AML at institute of kidney disease and research center from June 2008 to June 2015. In all patients, the diagnosis of AML was made with unenhanced and enhanced CT on the basis of the presence of lipomatous components in the tumor because when evidence of fat depicted on CT histological proof is not necessary to diagnose AML.\[[@ref7]\] All patients underwent CT examination on Somatom sensation 64 slices multidetector CT scan from siemens after informed consent within 1^st^ week after ultrasonographic detection of suspected AML. Plain CT sections of abdomen were taken at 1 mm interval followed by contrast study. Nonionic contrast iomeron (iomeprol - 350 mg/ml) or omnipaque (iohexol - 350 mg/ml) was injected at rate of 3.5 ml/s at dose of 1--1.5 ml/kg by using mechanical injector followed by 20 ml of saline. Angiographic phase was obtained by bolus tracking technique. Scan parameters were: 110 kVp, 120 mAs, pitch 1.2, and rotation time 0.5 s. Nephrographic phase was obtained at 90 s delay. 0.6 mm reconstructions of images were done.

Evaluation {#sec2-1}
----------

Diagnosis of rupture of the tumor was based on CT findings. Perirenal or subcapsular hematoma indicated rupture of tumor. Patients were divided into two groups -- ruptured AML and unruptured AML. Further evaluation was done by measuring size of tumor and the size of the largest aneurysm in each kidney.

When a patient was found to have multiple tumors in one kidney, the single largest lesion in each kidney was evaluated. If an aneurysm was not detected on CT angiographic study aneurysm size was considered to be 0 mm. Tumor and aneurysm sizes were compared between the two groups by calculating sensitivity, specificity, positive and negative predictive values for the prediction of rupture. Multiple regression analysis was performed to identify factors linked with AML rupture. Tumor and aneurysm sizes, tumor multiplicity were chosen as variables. Independent *t*-test and Mann--Whitney test have been used to calculate the statically significant value. *P* \< 0.05 was considered to represent a statistically significant difference.

RESULTS {#sec1-3}
=======

Of the 27 patients with AML, 22 were females while five were males (male:female; 1:4.4). The age range was 12--67 years with a mean age of 37.2 years.

Total 34 kidneys were diagnosed as having renal AML based on CT findings. Twenty patients had single kidney affected. Seven patients had multiple bilateral lesions and associated with tuberous sclerosis complex. More than one tumor in single kidney found in 19 kidneys including patients with tuberous sclerosis. Subcapsular and perirenal hematoma indicative of tumor rupture was found in six patients. None of our patients had bilateral ruptured tumor \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Ruptured angiomyolipoma in 43 years old female with tuberous sclerosis - image shows multiple angiomyolipomas (thick arrows) in both kidneys. A large aneurysm (arrowhead) is seen in ruptured tumor of left kidney with perirenal hematoma (thin arrows)](UA-8-173-g001){#F1}

![Ruptured angiomyolipoma in 50 years old female - image shows ruptured angiomyolipoma (thick arrow) in right kidney, perirenal hematoma (thin arrow), and small intratumoralaneurysm (arrowhead)](UA-8-173-g002){#F2}

Tumor size {#sec2-2}
----------

Nine tumors out of 34 kidneys were of \<4 cm in sizeOut of 6 ruptured AML; 5 were \>4 cm and 1 was \<4 cm in sizeOut of 28 un-ruptured tumors; 20 were \>4 cm and 8 were \<4 cm in size \[[Figure 3](#F3){ref-type="fig"}\].

![The chart shows mean tumor size in ruptured and unruptured group](UA-8-173-g003){#F3}

Presence and size of an intratumoral aneurysm {#sec2-3}
---------------------------------------------

An aneurysm was observed in 10 out of 34 kidneys on CT angiographic study. The size of smallest and largest aneurysm was 3 mm and 54 mm respectivelyOut of 6 ruptured AML; 3 had an aneurysm \>5 mm in size; and 3 had an aneurysm \<5 mm in sizeIn un-ruptured group; one patient had an aneurysm of 13 mm (\>5 mm) in size. Twenty seven patient had aneurysm \<5 mm in size \[[Figure 4](#F4){ref-type="fig"}\].

![The chart shows mean aneurysm size in ruptured group than un-ruptured group](UA-8-173-g004){#F4}

If we use tumor size \>4 cm and aneurysm size \>5 mm; sensitivity, specificity, positive and negative predictive value for prediction of rupture were shown in [Table 1](#T1){ref-type="table"}. Results of multiple regression analysis were shown in [Table 2](#T2){ref-type="table"}. Mean ± standard deviation of tumor and aneurysm size are shown in [Table 3](#T3){ref-type="table"}. We found that tumor size, aneurysm size and tumor multiplicity were not significantly linked to rupture (*P* \> 0.05).

###### 

Sensitivity, specificity, positive and negative predictive value for prediction of rupture

![](UA-8-173-g005)

###### 

Results of multiple regression analysis

![](UA-8-173-g006)

###### 

Mean±SD of aneuryms and tumor size

![](UA-8-173-g007)

DISCUSSION {#sec1-4}
==========

AML is a benign tumor requiring treatment only if it is symptomatic or prone to hemorrhage. Multiple studies have demonstrated that the frequency of symptoms and risk of hemorrhage is directly proportionate to the size of the tumor; larger the tumor, the greater is the risk of bleeding,\[[@ref8][@ref9]\] but there is debate regarding the size criteria for treatment of patients with asymptomatic AML. Some clinician treat asymptomatic tumors of \>8 cm\[[@ref10]\] whereas some consider \>4 cm as the threat of bleeding.\[[@ref8]\] Our institute accepts 4 cm as cutoff size for treatment. With the rapidly increasing knowledge being gained on the mammalian target of rapamycin (mTOR) pathway in relation to tuberous scleoris complex, the future use of mTOR inhibitors are likely to become well established in our institute.

Most of the patients with small tumors (\<4 cm) that tend to be asymptomatic are managed conservatively, with annual CTs.\[[@ref10]\] If the lesion is \<4 cm the risk of bleeding is 13%, but tumor size of \>4 cm carries 51% risk of rupture.\[[@ref8]\] According to Meiri *et al*. if tumor size \>4 cm used as a predictor of rupture sensitivity and negative predictive value is 57% and specificity and positive predictive value 80%.\[[@ref11]\] Similarly, in our study, one of the ruptured tumors was \<4 cm and 20 un-ruptured tumors were \>4 cm and asymptomatic, hence if tumor size of 4 cm or larger is used as predictor of rupture, sensitivity and specificity are 20% and 89%, respectively, predictive value of positive test is 83.3%, predictive value of negative test is 28.4% was found. In another study, 3 out of 11 lesions (27%) which had spontaneous renal bleeding secondary to AML; the tumor measured 2.5--4 cm in size.\[[@ref12]\] Hence, size of tumor should not be considered as a good predictor for rupture.

Intralesional aneurysms are described as a vascular cause of hemorrhagic complication in AML.\[[@ref13][@ref14]\] Albi *et al*. documented that an intralesional aneurysm on CT scan can predict a greater possibility of tumor rupture.\[[@ref15]\] In a meta-analysis of 739 cases of AML; selective angiography demonstrated aneurysms in the interlobar or interlobular arteries in 71.4% of cases.\[[@ref16]\] In our study, aneurysms were detected in 29.4% of AML patients by CT angiography. Yamakado *et al*. used CT image to measure size of tumor and conventional angiography to measure size of an aneurysm.\[[@ref5]\] In that study, conventional angiography was done to all patients with AML for the purpose of plan of treatment and to differentiate it from renal cell carcinoma. However, with advent of multislice multidetector CT scan and advanced MRI, there is no role of angiography in the diagnosis of renal cell carcinoma over CT -- so doing angiography in such patients is of no meaning nowadays. In our institute, protocol of renal conservation for renal AML patients is followed; using a strategy of observation for small (\<4 cm) asymptomatic tumors, partial nephrectomy for moderate size tumors and selective arterial embolization is only reserved for large tumors which are not amenable to partial nephrectomy hence conventional angiography has limited role. Another aspect is conventional angiography may demonstrate smaller aneurysm than its actual size due to partial thrombosis, in our study use of CT angiography to measure size of an aneurysm has overcome this limitation. Incidentally, we did not find any thrombosed aneurysm in our study patients.

The smallest aneurysm found in our study was 3 mm in diameter; we found two patients with a large aneurysm with a ruptured tumor in our study. Yamakadok *et al*. observed that there were significant differences in mean aneurysm size (13.3 mm ± 6.2 vs. 2.4 mm ± 2.9, *P* \< 0.02) between the ruptured and unruptured tumor groups.\[[@ref5]\] Accordingly to them when aneurysm size of 5 mm or larger was used as predictors of rupture, sensitivity and specificity was 100% and 86%, respectively. We found no significant difference in mean aneurysm size between ruptured and unruptured group (*P* \> 0.05). The results of multiple regression analysis also support this finding.

It is known that patient with tuberous sclerosis were more frequently symptomatic and required surgery.\[[@ref1]\] Renal AML associated with tuberous sclerosis grow fast and have an increased risk of spontaneous hemorrhage.\[[@ref17]\] More likely they are multiple and bilateral.\[[@ref18]\] These data suggest that multifocality should also be considered as a factor linked to rupture. However, we found 19 kidneys had more than one tumor out of theses only 5 (26.31%) were ruptured. Hence, in accordance with Yamakado *et al*.\[[@ref5]\] our study also suggests that tumor multiplicity is not a good predictor of rupture of tumor.

Vallejo *et al*. also observed that patient age and sex, and lesion multiplicity and size were not found to be predictors of spontaneous rupture.\[[@ref19]\]

Limitation of our study is small sample size due to lower incidence of tumor.

CONCLUSION {#sec1-5}
==========

We observed no significant relationships among size of tumor, tumor multiplicity, and size of an aneurysm measured on CT angiography and incidence of spontaneous rupture.
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